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CHAPrER I
INTRODUCTION
Significance .Qf. � stud:,

Basketball is a highly competitive sport with a lengthy

season of practice and competition.

Coaches strive to have their

players attain "peak" c�ndition at the best possible time--towards
the end of the season when tournament play begins.· There are in

dications that a team can maintain a peak level of condition for
only a short period of from one to three weeks.1 Near the end of

this period• even though performance has not suffered, each contest

takes more and more, emotionally and physically, from the athletes-� 2

When the performance of the athletes does begin to suffer, this has

coJDJDonly been referred to as "competitive fatigue" or "staleness."

There is also some indication that if one continues at the

same rate af training after "peak" co ndition has been reached, there

may follow a rapid decrease in conditioning.3 The type of practices
before reaching "peak" condition and those practices during or after

reaching such condition

will

usually be quite different. A coach

works his players strenuously in order to get them into top physical
1navid Elbert Cundiff, "The Progressive Changes in Certain
Cardiovascu.1ar Measurements During a Season of Basketball," (unpub
lished Master's thesis, University of Ill�nois, 1961), p. 2.
2rbid.

lr.

L. Hettinger, E. A. Muller, "Muscular Performance and Training,"
Classical Studies ..Qll Physical Activity, ed. R. c. Brown, Jr., G. s. Kenyon
(Englewood. Cliffs, New Jerseys Prentice-Hall, Inc., 1968), p. 270.

2

condition; however, once he feels the squad has reached this level of
condition, the coach often lessens the severity of the practices

in order to prolong this "peak" condition. When does a team reach

their "peak''? An objective answer to this problem is of interest to
all coaches.

Many studies have been conducted involving n�n-athletes and

athletes in the off-season; however, studies concerned with the

effects of training and competition on the progressive changes in

cardiovascular fitness and body measurement of athletes during a

season have been few.

How a team's cardiovascular condition, leg

concern to the coach.

It was felt that there is a need for a better

strength, and leg power react du.ring a season of competition is of major

u.�dersta.nding, through research, of the effects of a competitive season

of basketball on the varsity athlete·• s condition throughout a season.

It was towards this end that the present study was directed.
��tement of the problem

The purpose of this study was to investigate the changes in

&elected cardiovascular fitness and body measurements of collegiate

varsity basketball players during and following a season of training
and competition.

Jrypothesis

'l'he following hypothesis was investigateda

1.

There is no significant change throug.,.11.out a season of

competitive varsity basketball in the variables of maximal oxygen

uptake, leg strength, leg power, and percent body fat.

Limitation
1.

AD4 delimitation 9i.. .ibJl·stug1
The subjects

used

in this study were nine South Dakota

State University ba.sketlall players.
2.

Data were collected only on caJ:4�ovascular endurance,

).

Five tests were given with an interval of approximately

leg strength, leg power, and percent body fat.

five weeks between tests with the exception of a ten week interval

between the fourth and fifty tests due to extenuating circumstances.*
The first test was a.dlllinistered just prior to the start of preseason
practice,

and

the last test was administered. five weeks after the

completion of the season.

5

It was not possible to control certain outside factors ··

such as diet, sickness and minor injuries, lack of sleep due to

staying up late to study for academic tests the night before tests were

. adldnistered,

and

the emotional state of the play�-=) If the

investigator felt, however, that the problem could adversely affect

the results, the test was postponed a day or two until the subject
was able to give a true effort.
Definitions

Circulorespiratory � cardiovascular

fitness.

Cardiovascular

fitness is the oxygen-forwarding capacity of the cardiorespu-atory
4 In this study it will be measured by the maximal oxygen
system.
uptake test.

4A. Holmgren, "Cardioresp
iratory Determinants of Cardiovascular
Fitness, " I!ut Canadian Medical Association Journal, 961697, March 25, 1967.
-I-The extenuating circUIJlStances are explained in Chapter III, p. 16.

4

.

Maximal oxygen uptake (Max. V 02).

This is the maximum amount

or oxygen that can be·supplied to the tissues of the body per minute.

.

Max. V02 is also referred to as maximal oxygen intake, maximal oxygen
:

consumpti n, or aerobic capacity.

It is considered the best single

measurement available to indicate cardiovascular fitness. 5
Strength.

Strength is the-capacity of the individual to
exert mu.scular force. 6
PaiTer.

Power is the ability to release maximum muscular

force at maximum speed. 7
Percent body fat.

Percent body fat is the weight in pounds

of a subjects body tissue that is in ..excess of lean body weight.

In this study, percent .of body f�t is expressed as a percentage of
the subject1s total body weight.
� condition.

The maximum or utmost point of condition. 8

.5p_ H. Brynteson, "The Effects of Training Frequences on the
Retention of Cardiovascular Fitness, " (unpublished Doctoral �ssertation,
Springfie1d College, Springfield, _Massachusetts, 1969), p. 2J.

�y L. Johnson and Jack K. Nelson, �ractical Measurements for
Evaluation in Physical Education, (Minneapolis, Minnesota& Burgess -
Publishing Co. , 1970), P• 80.

7 Jolmson and Nelson, op. cit. , p. 298.

8webster's New World Dictionary, ed. Joseph H. Friend, David
B. Guralnik (New York and Cleve.lands The World Publishing Co. , 1959),
p. 1076.

CHAPTER II
RELATED LITERATURE

The purpose or this chapter was twofold.

First of all,

literature was reviewed to assess the current information relating

to maximal oxygen uptake, leg strength and power, and percent body

fat.

During this process or review, the investigator was able to

become familiar with accepted techniques and procedures for the

measurement of these variables as well as the _operation or related
apparatus and equipment.

A second purpose was to review studies related to changes in

fitness parameters as a result of athletic seasons.

Such studies

provided comparative data for the present investigation.

A better

understanding of how athletic season·s of competion affect the body
is of value to the investigator· and all coaches in better guiding

a team to reach its "pea;k condition" and maintain that level of
condition as long. as possible.

Literature related to cardiovascular fitness

Many research reports have indicated the high reliability of

maximum oxygen uptake as a valid·measurement of cardiorespiratory
1
f:itness.
Maximal oxygen uptake has become widely accepted as the

best single physiological variable which best defines the efficiency
1A. Kheher, D. B. Dill, and William Neufield, "Training and
It's Effects on Man at Rest and at Work, " American Journal of
Physiology, 136 z 148-156, March, 1942.

6
and capacity of the cardiovascular and respiratory systems.

This

variable is regarded as synonomous with the term cardiorespira tory

fitness, and it has been designated by some investigators as the most
significant determinant of physical fi tn·ess. 2

Cundiff studied the progressive changes in selected cardio

vascular measurements during a season of basketball.

Thirteen

members of the varsity basketball team at the University of Illinois

were tested on three cardiovascular tests six times at three week
intervals.

The three cardiovascular tests consisted of recording

an electrocardiogram while lying on a bed, a ballistocardiogram while

lying on a marble table, and a heartometer reading.

Each subject

laid on a soft bed for twenty minutes prior to the administration of
the
the

tests.

The first test was administered during the week before

first game, and the last test dunng the week following

final game.

the

The tests were administered at least one day before a

game and one day after� game.

Competitive fatigue was reflected

by all three cardiovascular measurements and was greatest at the end

of the season.

The fatigue, however, was present after three weeks

and tended. to be progressive with a slight lull in mid -season due to
rest during exa.ms. 3

Sinning and Adrian conducted a study to determine the effects

of a season of basketball on women as measured by certain parameters.
2Ja.ck c. Wilmore, "Maximal Oxygen Intake and It's Relationship
to Endurance Capacity on the Bicycle Ergometer," Research Quarterly,
·
401 20 3-210, March, 1969.

3o. E. Cundiff, "The Progressive Changes in C�rtain Cardio
vascular Measurements During a Season of Basketball," (unpublished
M.s. thesis, University of Illinois, 1961), p. 28.

1
The study included an experimental group of seven members of a women's
collegiate basketball team and a control group composed or· eight

non-participants. The training program was a ba.sketbi.11 season con

&isting of twenty-five.organized practices and seven games in sixty-six

days.

Both groups were pre-and-post-tested on the bicycle ergometer to

determine maximal oxygen uptake. The participant group produced

significantly higher results in test II for maximal oxygen uptake
(expressed in ml/kg/min. or 1/min.). The mean increase was 4.1 ml/kg/min.
or when not adjusted for body weight, .26 1/min. ·The non-participants

(intramural participants) experienced a slight, but not significant,
increase in maximal oxygen uptake, 4

Forsyth conducted a study to determine the effect a sea.son of

basketball on the cardiovascular systems of freshmen basket'oo.ll
players at South Dakota State University during the 1955-.56

bl.sketba.11 season. To measure the athlete's cardiovascular condition,

.

Forsyth used a Cameron Heartometer. Each of eight subjects was
tested twice a week during the season.

On each day of testing, a

heartograph was ma.de of the subject prior to any physical exertion

before practice, and another recording was taken immediately following
the practice session. The parameters charted for each subject

included blood pressure, pulse rate, pulse pressure, fatigue ratio,

and the systolic amplitude,

As observed by means of heartometer

tracings, the cardiovascular condition of the basketball players
improved substantially until Christmas· �cation. Due to the two

4.Wayne E. Sinning and Marlene J. Adrian,
"Cardiorespiratory
Changes in College Women Due to a Season of Competitive Basketball, "
. Journal .2!: Applied Physiology, 251720-724, December, 1968.

8

week Tacation the caxdi�vascular condition of the lasketba.11 players dropped)
considerably and never did return to the point of pre-Christmas condition.5
Riblsl exaained. the effects of endurance training upon the maximal

oxygen intake and other measures of cardiorespiratory condition which ex

hibit a characteristic decline with age. A battery of metabolic, cardio

Ya.Scular, and body composition tests were administered to a group of

-

fifteen Jliddle-aged males who had volunteered for a five month training

period.. Each subject was tested prior to, in the middle of, and immediately

after the five month training .period. The training period consisted. of

calisthenics and running. There was found to be a significant improvement
on the maxi.maJ. oxygen uptake test at the • 001 level of confidence.

Because

this finding was contrary to what happens in the normal aging process, it

was concluded that the exercise program increased the maximal oxygen
·- uptake. 6

CUJDdngs, in discussing the importance of cardiovascular

health, cited studies done by Buskirk and Taylor. Buskirk and

Taylor foum that maximal oxygen uptake was more closely associated
vith active tissue, · whi9h is lean body mass minus bone mass. Thus,

per kilograa of active tissue, the maximal oagen uptake of athletes

was higher than that of sedentary subjects, indicating that the
oxygen transport and muscular systems in train� subjects are

Sg_ L. Forsyth, "The Effect of a Basketball Training Program of
Cardiovascular Condition as Shown by the Cameron Heartometer, "
(unpublished M.S. thesis, South-Dakota State University, 19.56).

6P. M. Ribisl, "Effects of Training Upon the Maximal Oxygen
Intake of Middle-Aged Men, " {unpublished Doctor's dissertation, University
of Illinois. 1967), p. 36.

9
quantiatively as well as qualitatively superior to those of untrained

subjects. The higher oxygen uptake of athletes is not simply due to an

increase in muscle mass, but seems to be related to a greater capacity of

the heart and lungs to deliver oxygen and �he muscles to utilize oxygen. 7
Studies by Astrand indicate that oxygen intake capacity

partially regulates work output where large muscle groups are active
at high intensity for one minute or longer, and :provides information
about the oxygen transport potential of the canliovascular system.

Astrand found that without exception, top endurance athletes have

1118.Ximal oxygen intake values that are quite high, some as high as

81 ml/kg/min. There is ll ttle doubt concerning the relationship
between physical training .and maximal oxygen uptake.

Physical

training, especia1ly of the endurance type, has been shown to be
highly effective in improving the maximal oxygen uptake.8

Literature related i2 percent �- ill
Body fat has long �en recognized as one of the major variables

associated with changes in body composition. It can be altered by

changes in nutrition, disease, and exercise. The most applicable
aetbod of measuring body fat is the skinfold aethod.9

7a. B. Cummings, "Physical Fitness and Cardiovascular Health,"

Circu1ation, 37:4-7, January, 1968.

8i>.

o.

Astrand, "Measurement of Maximal Aerobic Capacity,"

Q�ian Medical Association Jou;rnal, 96·1723-724, March, 1967.

9Buskirk, E. R. , . c.

w.

. .

Thompson ,.. and R. F. Goldman, " Changes
in Body Fat, Estimated from Skinfold Measurements of College
Basketball and Hockey Players During a Season," Research Quarterly,
271418, December, 1956.

Busld.rk, Goldman, and- Thompson tested ten varsity and four

10

freshmen basketball players at the University of Minnesota on percent
body fat changes during a season of basketball.

The subjects were

tested initially during the first six weeks of practice and tested
again prior to the last game.

The three sld.nfold measurements were

ta.ken on the chest, upper arm, and abdomen. All three skinfold sites

were consistently smaller at the end of the season with a mean

decrease of l. J percent body fat.

The greatest changes occurred in

the abdominal and upper arm skinfolds.

It was also found that fat
�easurements were negatively correlated with performance. 10

Anderson studied the effects of a nine week physical conditioning

program on one hundred unfit subjects from Pennsylvania State University.
The subjects were divided into two groups--a control group and an

experimental group.
percent body fat.

The variables measured were total body density and

The subjects were tested before the training period

began and again at the end of the training period.

The experimental

group exercised three da.ys per week for a period of forty-five minutes
each day.

The mean percent body fat of the experimental group went .from

10.76 to 9.96, which was not significant at the .05 level of confi

dence.

The mean percent body fat of the control group .went from 7. J2

to 7. 18, which was also not significan� at the .05 level of confidence.
Pollock randomly placed nineteen men into two groups for the

purpose of investigating the effect of frequency of training on
lOibid. , P• 418.

llRichard E. A."1.derson, "The Effect of & Physical Conditioning
Program on Body Fat and Body Density, " (unpublished Master's thesis,
Pennsylvania State University, University Park, 1965), pp. 1-68.

11
working capacity, body composition, and circulorespiratory measures.

The subjects trained thirty minutes per exercise day for.twenty weeks.

Group I trained two times per week, and group Il trained four times per

week.

The training program consisted of continuous walking, jogging,

or running. A pre-test and a post-test �ere administered. The body

composition (percent body fat) of group I stayed the same, but group II

decreased significantly in total body weight and percent body fat.

The analysis between groups showed that the decrease in percent body

fat was manifested in accordance with the frequency of participation.12

Literature related to leg power and leg strength

Jacobsen attempted to.determine the effect that a basketball season

had on leg strength and leg power of basketball players. He used
seventeen varsity and freshmen basketball players at South Dakota

State University as subjects. They were tested for explosive power

and leg-strength at the beginning, twice during, and again at the end
of the basketball season.

He concluded that the gain in leg strength

between all tests was significant at the . 05 level of' confidence.
There was no signific;:ant change in explosive power.13

12Michael Lee Pollock, "Effects of the Frequency of Training
on Working Capacity, Body Composition, and C�rdio-respiratpry measures,"
(unpublished Doctor's dissertation, University of Illinois, Urbana,
1967), PP• 1-165.

13nonald D. Jacobsen, -"The Effects of a Basketball Season on
Leg Strength and Explosive Power as Shown on a Select Group of' Players
at South Dakota State University," (unpublished Master's thesis,
South Dakota State University� 1962), P• 25.

12
Brown and Riley studied the effect of the heel raise exercise

on vertical jump and leg strength. Forty basketball players at.

Springfield College were used as subjects. Twenty of these comprised

the control group. The subjects were tested during the five week

preseason conditioning program. The Sargent Jump of the control group

showed a mean increase of .6 inches, which was not significant. The

weight training group's Sargent Jump showed a mean increase of 2.9

inches, which was significant. The leg strength of the control group
showed a mean decrease of 70. 4 pounds per subject while the weight

training group showed a mean increase of 161 Bounds, which was
significant.14

Schlekeway used ten members of the freshmen basketball team

at South Dakota State University to determine the effects of a four

week weight training program on explosive power and leg strength.

Five of the subjects participated in· the training program along

with competing in bask�tball whl.le the other five just participated

in bask.etball. The two .groups were equated using the scores obtained

on the initial explosive power and leg strength tests •. The mean

jump and leg strength of both groups was equal. After the four week

training program, which ended one week after the end of the basketball

season, the control group had a mean loss of 1.9 centimeters for

explosive power, and the weight training group had a mean increase

or 2.8 centimeters. In leg strength the control group had a mean loss

, or 19.0 pounds, and the weight training group had a mean loss of 37.J

14
Robert J. Brown and Douglas R. Riley, "The Effect of Weight
Training on Leg Strength and the Vertical Jump," (unpublished Master's
thesis, Springfield College, 1957), PP• 2J-26, 55.

pounds.

Neither pair o·r data was significant at the . Ol level of

13

c onfidence. 15

A comparative study of the development of leg strength and

endurance of college women in basketball and swimming was attempted
by Parchman.

She tested fourteen girls W?o were in a physical

education class and seventeen girls in a class of swimming.

Two

tests were given, one at the beginning of the semester and_one at the
end.

Both the swimming and the basketball groups made improvements

between initial and final mean values in strength and endurance.

The only significant increase, however, was in the leg strength by
the basketball group. 16

Luitjens used twenty-two members of the De Smet High School

basketball squad to compare the effect of weight training and Exergenie
use on leg strength and leg power.

The twenty-two subjects were

f'urther divided into two groups of e�even each, according to results

in the Sargent Jump Test.

Group A participated in a twelve week weight

training program, consisting o-f three circuits of two exercises, three

times per week.

for twelve weeks.

Group B trained with the Exer-Genie in a similar manner
All subjects were tested before the training,

one and two weeks after the conclusion o-f the training period, and

every three weeks during the training.

Leg strength and explosive

1�vern Schlekeway, "The E-f-fect of Weight Training·on
Explosive Power and Leg Strength During a Basketball Season, "
(unpublished Master's thesis, South �kota State University, 1965),
pp.
34, 35.
,

16i,1nc1a Lou Parchman, "A Comparative Study of the Development
of Leg Strength and Endurance of College Women in Basketball and
Swimming, " (unpublished Master·• s thesis, University of Illinois,
Urbana, 1961), PP• 1-78.
2 6 5 5·9 3
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power were tested.

Group A had a mean increase in leg strength of

5.51,, pounds compared to a mean increase of 577 poimds for group B.
ThetSe
, increases were both significant at the .05 level of confidence.

In'faeg power group A had a mean increase of .77 inches while group B

had a mean increase of . 98 inches.

was significant. 17

Neith�r increase in leg power

Hinton and Rarick tried to determine the value of strength

as a predictor of athletic ability.

A correlation between Roger's

S�reng�h Test and Cubberly and Cozens measurement of achievement in

basketball was used to determine the relationship between strength
i

and basketball ability.

Sixty -four college students at the University

of Wichita were used as subjects.

The basketball achievement test

was give• first and followed by the strength test, Both tests were
''
repeated eaght weeks after the initial testing as a check for
11

\I

reliability.

The results showed a hl,gh correlation (809) between the

basketball achievement ·test and �oger's Strength Index Test. 18

Carpenter also wondered to what extent strength and power

influence athletic performance.

Because achievements in track e.nd

field have been shown to be most representative of an individual's

athletic ability, the sixty yard dash, the� pound shot put" and
the standing broad jump were used for that purpose in this study.

17La.rry L. Luitjens, "Leg Strength and Vertical Jump of
Basketball Players as Affected by Two Select Exercise Programs
Conducted Throughout the Competitive Season," (unpublished Master's
, thesis, South Dakota State University, 1969), PP• 11-38.

8E.

1
A. Hinton and L, Rarick, "The Correlation o'f Roger's
Test of Physical Capacity and the Cubberly and Cozens Measurement of
Achievement in Basketball," Research Quarterly, 111 61, October 1940.
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It was found that bot.� power and strength are important factors
concerning athletic performance.

Of the two, the speed factor in

power is by far �li.e more important so far as their influence on
athletic performance is concerned. 19
Martie studied the growth and dev� lopment of high school

freshmen and sophomores in physical education classes.

The subjects

activity or at the beginning and end of each semester.

Strength

were tested on twenty-eight measurements before .a.nd after each

and endurance of basketball players increased considerably during the

basketball season.

The study showed that strength improved more

during basketball and football than during any other activity or
20
sport.

19A. Carpenter, "Athletic Performance and Strength and Power, "
Research Quarterly, 9 • 22, December� 1938.
20J. E. Martie, "Basketball and ·· its Effects on Physical
Development, " Research Quarter];l, 2 : - 86, May, 1931.
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CHAPrER III
Mm'HODS AND PROCEDURF.5
Organization 9.f. the Study
The purpose of this study was to de\eraine the ppy�ical
condition of l:asketba.11 players as they reported for p�eseason
practice, during the regular season, and four weeks after the season

was completed. The study was carried out over a twenty-four week

period begi.nning on October 12, 1970, and ending on March 27, 1971.

Measurements used to determine the condition of the players included a

118.Ximal oxygen uptake as an indicator of cardiovascular fitness, a leg

dynomometer test as a measure of leg strength, a vertical power jump

test to measure explosive power, and weight and skin:fold measurements to

estimate percent body fat.

Data on the selected parameters .. were collected prior to the start

. of the preseason training program · (test · I ) , prior to the first regular
season

game (test II), jus� prior to Christmas vacation ( test III), during

semester break (test IV), and four weeks following the last regular season

game (tes� VI).

The investigator administered all tests and : allowed. three

clays to complete each series of tests.
Test
Test
Test
Test
Test
Test

I
II
III
IV
V
VI

The testing dates were as follows1
October 12-14
November 16-18
December 21-23
January 22 -24 .

March 25-27

The original plan for this study included six tests.

This

test was to have been administered immediately following the competitive

Due to extenuating circumstances of a possible invitation

season.

to the NCAA College Division Midwest Regional Tournament, the head

coach sincerely felt that a test at this time might affect the

At this time, also, the entire

playing ability of the subjects.

South Dakota State University student body left school for two

class days to raise support for the maintenance of the engineering
college at

s. n. s.u.

The investigator is aware that not having this

data available weakened the study.
Source of �

The subjects for this study were five junior, two sophomore,

and two .freshman members of the South Dakota State University

varsity basketball team.

There were no seniors on the varsity

squad.

The subjects were selected by the head coach before the

squad.

The nine subjects and their ·characteristics are listed in

1970-1971 season on the basis of their probable contribution to the
Table I.

Collection 2!_ the Data

In

order to discover what changes take place in· the physical

condition of basketball players throughout a season of competition,

t

t

certain pertinent parameters were selected to be measured.

The

parameters measured in this study were maximal oxygen uptake,
percentage of body fat, leg strength, and leg power.

weight was also analyzed.

The following sections indicate the methods

used to measure these variables.
· Measurement

.2.f

In addition,

maximal oxygen uptake.

has become widely accepted as a

primary

Maximal oxygen uptake

physiological variable
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which best measures the efficiency or capacity of the cardiovascular
and respiratory systems.

This variable is regarded as syllonomous

with the term cardiorespiratory fitness, and has been designated by
some investigators as_ the most significant indicator of physical
1, 2
fitness.

Maximal oxygen consumption is reached when, during a given

progressive exercise bout, the oxygen intake per unit time attains its

maximum and remains constant even though the work load increases.

TABLE I

SUBJECTS' CHARA.CTERISTICS AT THE
TIME OF THE INITIAL TEST

Subject

Age

Class

R.H .

20
18
20
19
19
18
20
20
20

junior
freshman
junior
sophomore
sophomore
freshman
junior
junior
junior

J.N .
J. J .

D. T.
L . C.
R.G.

J .M.

J.H.
D. H .

Height

Weight

6' 5 "

187
173
230
200
193
170
173
177
200

6 1 4 ''
6'7"

6 ' 5"
6 • 5"
1

6 1"
6 1 4"
6'3°
6 1 4"

Average (%)*
playing time
per game

85
05

40
80

?5
65

90
40
15

* The average playing time per game is only an estimation made by the
investigator and the head basketball coach.
1Jack c. Wilmore, "Maximal Oxygen Intake and Its Relationship
to Endurance Capacity on the Bicycle E!gometer, " Research Quarterly,
40 1 203-210, March 1969.
2A. Holmgren, "Cardiorespiratory Determinants of Cardiovascular
fitness, " The Canadian Medical Association Journal, 96 : 697,
March 2.5, 1967.
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The maximum value of t�e oxygen consumption depends upon the efficiency

of the circulatory and respiratory systems. 3

In the present study a bicycle ergometer was used to provide

the exercise and resistance.

The load resistance against which a

subject exercised was increased each minute until the subject could

not continue due to exhaustion.

The subject began by pedaling

against no resistance for one minute at a rate of sixty revolutions

per minute.

At the start of each minute thereafter, the resistance

was i-ncreased by • 5 kilograms per minute until the subject was unable
to continue at the required pedaling rate.

The open circuit method was used for the collection of expired

air.

A clamp was firmly applied to the nose and a modified Otis

McKerrow mouth piece was used which allowed the subject to inhale

atmospheric air through one valve while the expired air was channeled

through another valve.

The expired air was directed through a

plastic tube to a CD4 Dry Gas Meter which measures gas volume.

Arter the air passed through the dry gas meter, it was directed
through a mixing chamber.

A small electric pump was used to draw

expired air from the mixing chamber into small two-liter sample

bags.

The concentrations of oxygen and carbon dioxide in the gas

samples were analyzed by use of the Goda.rd Pulmo-Analyzer.

Measurements were taken during the last thirty seconds of

each minute of exercise.

A stop watch was used to time the minute

exercises and the thirty second expired air period of each minute.

3La.urence E. Morehouse and Augustus J. Miller, _Physiology of
Exercise, (St. Louis, Missouri , c. V. Mosbey Co. , 1967 ), p. 233.
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Expired Air was directed through the CD4 Dry Gas Meter only during
the last thirty seconds of each exercise period.

Barometric pressure

and expired gas temperature were recorded to correct the gas volume
seasurement to S.T.P.· n. ( o0 centigrade temperature, 760 millimeters

atmospheric pressure free of water vapor).

The investigator assumed that maximal oxygen uptake had been

reached if the respiratory quotient equaled at least 1. 0 and the

oxygen uptake for two successive work loads was less than 150 ml/min.

· If these figures were not recorded, it was assumed the subject had
not reached his maximal oxygen uptake and was retested.. 4
Measurement ,gt

l.f:g

pow er.

Leg power was measured by the

vertical power jump test as snggested by Johnson and Nelson. 5 The ·

investigator used a jumpboard marked off in quarter inches for this

t.est.

F.ach subject was instructed to c-halk the finger tips of his

right hand.

The investigator then· had the subject assume a standing

pos1tion facing sideways t� the jumpboard.

From this position

the - subject placed his left arm behind his tack and grasped the top

of his shorts while the other arm was raised vertically with the hand

pronated and fingers extended.

From this position the performer

stood as tall as possible on his toes.

The investigator then

recorded the mark made by the tip of the extended middle finger
4P. H. Brynteson, "The Effects of Training Frequencies on the
Retention of Cardiovascular Fitness," (unpublished Doctoral dis
sertation, Springfield College, Springfield, Massachusetts, 1969), p. 2J.

5_aarry L. Johnson and Jack K.
fz. Evaluation 1n Physical Education,
Burgess Publishing Co. , 1970) , p. 81.

Nelson, Practical Measurements
(Minneapolis, Minnesota s

of the raised arm on the jumpboard.
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The subject then assumed a full

squat position with head and back · erect and body balanceq..

He was

told to jump as high as possible (using only the legs) and touch the

jumpboard with his middle finger at the top of his jump.
or position was lost, the jump was disregarded.

If balance

Three trials were

allowed and on - the last trial the tester said, "This is your last
jump.

Try to beat your last two jump�• 6 The investigator measured

the distance between the mark of the extended arm and the mark of his

jump ·to the nearest one-fourth inch.

Using the measure of the best

jump, leg power was calculated according to the follo�g formula a 7
Distance x Body Weight = _ ft. lbs.
12

Measurement of leg strength.

Leg strength was measured with

the use of a dynamometer in accordance with procedures outlined by

Clarke. 8 The apparatus for measuring strength consisted of a Medart

Dynamometer mounted on a medart bench, two inches high by twenty-two

inches long and twelve · and one half inches wide, an adjustable chain,

twenty-inch long bar to which the chain was attached, and a webbed
belt.

The subject held the bar with both hands together in the

center of the bar, palms down, so that the bar was at the junction of
thighs and trunk.

( Care· was taken to maintain this position after

the belt had been put in place and during the list. ) The loop end
6:n,id. , P • 91.
7Ibid. , P • 91.

8a.

Harrison Clarke, Anplication of Measurement to Health and
Physical Education, (New Jerseys Prentice Hall, 1957),p. 147-1�

22
of the belt was slipped over one end of the hand.le while the free·
end of the belt was looped around the other end of the bar, tucking
it back around the body in a position between the belt and the back
of the subject.

In this position the pressure of the belt against

the body held the bar securely.

The belt was placed as low as possible
The subject stood with his feet

over the hips and gluteal muscles.

about six inches apart.
°

and 124 .

The knees were slightly bent , between 115°

Bef'ore the subject was instructed. to lift, the tester

made sure that the subject ' s back and arms were straight , head erect
and the chest out.

Maximum lift occurred when the subject ' s legs

were nearly straight at the end of the lifting effort.
t.hree trials was recorded.

Hsmsurement o-f bodv fat.

The best of

Percent body -fat was measured

accom.ing to a procedure developed by Forsyth.

Forsyth tested fifty

Ila.le athletes at Springfield College using the underwater weighing
techmque.

He established ten regression equations for estimating

body fat which were obtained from seventeen anthropometric measure
ments on each of the fifty subjects.

For the present study, the equation with a multiple R (. 86) ·
and a standard error of estimate (. ·005) was adopted. 9

1. 02415-. 00169X 1 +. 00444x l- . OOljX12
5
diagonal skinfold just below and medial to the inferior
angle of the right scapula • ..

Body Density

x15 •

=

9aa.rry L. Forsyth, "The Estimation of Lean Body Weight in Male
Athletes," (unpublished Doctoral dissertation, Springfield College,
Springfield, Massachusetts, 1970), p . 57.
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I1 = height (dectmeters)

x12

= vertical abdominal skinfold midway between the umbilicus
and the iliac crest.

The £ormula used in the present stucy for estimating percent
body fat on the basis of body density was developed by Brozek. lo
percent body fat =

All

4. 57 0

bocy density

-

4. 142

skinfold measurements were taken on the right side of the

body with a Lange Skinfold Caliper.

The skin was grasped firmly

with the thumb and forefinger of the left hand, keeping the width of
the skin small, yet possessing a definite fold.

The calipers were

placed at the crest of the fold and recorded to the nearest millimeter.
Three measurements were taken at each sldnfold site.

the three measurements was recorded.

The mode of

If no mode appeared after three

measurements, a second set of three measurements was taken and the
mode of the two sets was recorded.

-

Procedure -for the ----collection of data
----

The collection of the da.ta for each testing period in this

study was completed within three days.

1

The testing periods took

place before basketball practice began, before the first regular

season game, immediately before Christmas vac�tion, during semester

exams, and four weeks following the completion of the season.

five three-day testing periods were identical to each other in

procedure.

The

The investigator devised a schedule for testing . to

accommodate each subject into a specific test time during each day

of the testing period.

The following section is for the purpose of
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explaining the testing procedures for each day of each testing period.
Day One.

Approximately one�half of the subjects wer� scheduled

to be tested on the first day.

Upon arrivi.'l'lg at the Hu.man Performance

Laboratory dressed in T-shirts, gym shorts, and tennis shoes, the

subjects were instructed completely on the proceedings to be completed

during their testing day.

The subject was then asked to stand on a

standard balance beam scale so that his weight could be recorded to
the nearest pound.

The investigator then collected data :from the

8[11thr.opometric sites on the subject's body for the purpose of

determining percentage body fat.

Next the subject ' s height was

measured to the nearest . 1 decimeter.
was administered.
Day Two.

Finally, the maximal Vo2 test

The same procedures of day-one were followed using

the subjects that had not been tested on the first day.
Day Three.

All subjects took the vertical power jump test

followed by the leg strength test.

CHAPTER IV
ANALYSIS AND DISCUSSION OF RESULTS
Organization

E.f.

the � for Analysis

The purpose of this study was to investigate the changes in
selected cardiovascular and body measurements of South Dakota State
University varsity basketball players during and following a season
of training and competition.
The data was organized to permit analysis of physical changes
that took place due to a season of basketball.

The parameters analyzed

included cardiovascular endurance, leg strength, leg power, weight and
body fat.

The study was carried out over a twenty-four-week period

beginning on October 12, 1970, and ending on March 27, 1971.

Subjects

were tested prior to the start of the preseason training program, prior

to the first regular season game, just prior to Christmas vacation,
during semester break, and four weeks following the last regular season
game.

Table II indicates the mean score for all parameters on each

testing date.

The raw scores for all param�ters are found in Appendix B.

The statis•tical treatments which were applied tc;, the

data

in this

study was the analysis of variance technique and the polynomial
regression technique suggested by Steel and Torrie. 1 For the sake of
speed and accuracy, an electronic computer was used to analyze the
1Robert Steel and James Torrie, Principles and Procedures of
Statistics (New York s McGraw-Hill Bqok Company, Inc. , 1960), pp.J32-J45.

data.

The

data
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were fi_� st analyzed to see if' they fit a linear,

quadratic, cubic or quartic equat:i.on .

The . 05 level

of

confidence

was chosen as the minimal level of significance for this study • .
TABLE II

TABLE OF MEANS
Test
I

Test
II

Test

Test
IV

Maximal Yoi
ml/kg/min.

54. 56

55. 51

58. 29

57. 20

53 . 69 .

Leg Strength
(pounds)

1098

1268

1209

1280

1304

Leg Power
(rt. /lbs.)

219

214

212

225

Body Fat
(percent)

9.45

7 . 96

. 7 . 91

8.41

7 . 50

Weight
(pounds)

189.2

188.2

186 . 4

189. 0

188. 7

Parameter

III

Test
VI

Test
V

-----
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Analysis of Data

The results of the polynomial regression statistics for all

parameters are shown in Table III .

one fit a specific regression curve.

or

the parameters studied, only

The changes in Max. Vo2 throughout

the season fit a quadratic regression equation as indicated by an F

ratio

of

7 . 87.

The equation is listed and plotted in Figure 1.

None

of the other regression equations for any of the remaining variables
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TABLE III

TABLE OF POLYNOM[AL R&iRESSIONS

Variable
Kap.mal
Vo2

Leg Strength

Leg Power

Percent Fat

Body Weight

_F,quation

Degrees
of
Freedom

F Ratio*

Linear
Quadratic
Cubic
Quartic

1/40
1/40
1/40
1/40

. 14
7. 87
. 27
1. 14

Linear
Quadratic
Cubic
Quartic

1/35
1/35
1/ 35
1/35

. Jl

Linear
Quadratic
Cubic
Quartic

1/35
1/35
1/35
1/35

1.56
. 25
.42
. 15

Linear
Quadratic
Cubic
Quartic

" l/41
1/41
1/41
1/41

. 11

. Linear
Quadratic
Cubic
Quartic

1/40
1/40
1/40
1/40

* F . 05 (1/40 ) =- 4. 08

* F .05 (1/35) = 4. lJ

* F . 05 (1/41) = 4. 08

. 55
.48
. 81

. BJ

. 54
. oo

. 04

. 03
. 01

28

60

59

57
!tax . v�
al/kg/min.

S6
55

53
.

52

50

1

.

. 1 - 53. 56. + • 653X - • 0269x
y • Max. V<>2 (ml/kg/min)
x • weeks

6

11

Weeks

FIGURE I

15

2

20

QUADRATIC REX:;RE5SION FOR CARDIOVASCULAR CONDITION
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were significant .

The · results of the analysis of variance statistic s

tor all parameters are shown in Table IV.

Maximal oxygen uptake,

body fat, body weight and leg strength were all significant.

Leg

power was not significant.
Summary and Di scussion of Re sults
The re sults of the polynomial regression statistic procedure

produced only one significant change at the . 05 level of confidenc e .

Thi s significant change occurred i n cardiovascular condition measured
by the maximal oxygen uptake test .
Analysis of variance resulted in significant F ratios when
applied to maximal oxygen uptake, percent body fat, body weight, and
leg strength.

This indicate s that there were differences between

means, but the polynomial regre ssion failed to show a significant

trend in those differences with the exception of maximal oxygen uptake .
The significant F ratio for maximal oxygen uptake revealed that the

data fit a quadratic regre ssion ·equation.

This indicates that the

fiuctuations of the mean s were in a predictable pattern, increasing,
reaching a peak, and tailing off and could be directly caused by the
basketball season.

This is similar to the. findings of Forsyth. 2

In his investigation the cardiovascular condition of basketball
players during a competitive season increased until Chri stmas vacation
and then decreased to a point below the initial test .

2H.

Since p ercent

L. Forsyth, " The Effect of · a Basketball Training Program
of Cardiovascular Condition as ·Shown by the Cameron Heartometer, "
(unpublished M. s. the sis, South Dakota State University, 1956).

f
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TABLE IV

ANALYSIS OF VARIANCE FOR DATA
Source
· of
Variable

Variable

Degrees
of .
Freedom

Mean

�uare

*F Ratio

Maxim.al
to2

Subject
Time
Error

Percent
Fat

Subject
Time
Error

32

Body

Weight

Subject
Time
Error

8
4
32

Leg
Power

Subject
Time
Error

4

6147.350
6190.764

.99

Leg
Strength

Subject
Time
Error

7

3419329.7
27892264.o
87833696.1

3. 17

• F .05 (4/32 )

• F .05 (4/28)

=
=

2.68

2. 71,

8
4
32

41.6594
31.9']24
7.7748

8

.6590

4

7

. . 28
4

28

. 05o4

.0099
1812.056
ll.633
3.771

4.46

5.10

J . 09

5660. 568
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TABLE IV
ANALYSIS OF VARIANCE FOR DATA

Variable
Maximal
to2

Source
of
Variable

Degrees
of
Freedom

Mean

Subject
Time
Error

8
4
32

41.6594
31. 9724
7.7748

4.46

Subject

. 6590
.05o4
. 0099

5. 10

�uare

*F Ratio

Percent
Fat

Time

Error

8
4
32

Body
Weight

Subject
Time
Error

8
4
32

1812. 056
11. 633
3.771

3. 09

Leg
Power

Subject
Time
Error

7
4
- 28

5660.568
" 6147. 350
6190.764

. 99

Subject
Time
Error

7
4

3419329. 7
27892264. o
87833696.1

3. 17

Leg

Strength

*

*

F
F

. 05 (4/32) = 2. 68

. 05 (4/28) =

2 . 71,

28
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:tat, body weight, and leg strength were not found to

be

significant in

the polynomial regression statistical procedure, it is probable that

the fluctuations of. the means were due to . chance and/or factors other
than the basketl:al.1 season

and

were not in a predictable pattern .

The subjects in this study reported to basketball practice in

good cardiovascular condition as indicated by the total group mean

maximal oxygen uptake of

.54 • .56

ml/kg/min. for the ·initial test.

Howell

studied the effects of participating in various sports on maximal

oxygen uptake, 3 He reported that the swimming team's maximal oxygen

uptake had an insignificant drop .from 54. 79 to 53 . 60 ml/kg/min., the

football team had an insignificant rise from 5].. 11 to 54,90 ml/kg/min,,
and the hockey team's maximal oxygen uptake rose significantly from

.52 . 07 to 56. 93 ml/kg/min. from the beginning to the end of the season •

. Swisher, using· a ten week period of conditioning, found an initial group
aean of 49. 60 ml/kg/min, and a final group mean of .51, 91 ml/kg/min. in

fifty ma.le volunteers who were freshmen non-athletes at South Dakota
4
State University.
The resu.1ts obtained from the maximal oxygen uptake test

in this investigation agree with related literature reports which
indicate that cardiovascular condition can be expected to

�axwell L. Howell, et al., "Intercollegiate Athletics and
Maximal. Oxygen Consumption, " (Fitness Research Unit, University of
Alberta, &imonton, Alberta), pp. 1-JB.··
4Joel Austin Swisher, "The Effects of Selected Training
Intensities and Duration on Improvement and Maintenance of Cardio. . respiratory Fitness, " (unpublished Master's thesis, South Dakota State
University, 1970), pp. 1-9 0.
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significantly improve with seasons of athletic training or conditioning
programs.

5 , 6, 7, 8

The increase in cardiovascular condition as measured by the

maximal oxygen uptake test probably can be attributed to the very
nature of the game of basketball plus the style that South Dakota

State University plays.

Basketball is an endurance game and South �

Dakota State University plays a pressing defense plus a fast breald.ng

offense.

Each practice included several fast break drills.

drill constituted a considerable amount of running.

Each

Neither leg power or leg strength was found to be significant.

Leg strength, however, did show a mean increase of 206 pounds
between the initial and final tests.

One possible explanation for

the lack of significant improvement in the leg strength of the

basketball players in this investigation could be the fact that no

weight training program was used.

Very few studies on basketball

players have shown a significant increase in leg strength, unless
some kind of weight tra�ning program was adhered to.

Brown and

Riley, in their study on the effects of the heel raise exercise on

5P.

o. Astrand "Measurement of Maximal Aerobic Capacity, "
Canadian Medical Association Journal, 961 723-724, March, 1967. •
6 Forsyth, loc. cit.

7p. M. Ribisl, "Effects of Training upon the Maximal
Oxygen Intake of Middle-Aged Men , " (unpublished Doctor's dissertation,
University of Illinois, 1967) , P• J6.
8wayne E. Sinning and Marlene. J. Adrian, "Cardiorespiratory
Changes in College Women Due to a S�ason of Competitive Basketball , "
Journal_.2.f Applied Physiology, 25: 720-724, December , 1968.

)
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leg strength and leg p�wer on basketball players, reported a signifi
·cant increase in leg strength and no significant increase in leg
pawer. 9

Luitjens compared the effects of weight training and Ex:er

genie use on leg strength. and leg power of high school basketball
·
10
players during a basketball season.
OVer a twelve week period

both groups showed significant increases in leg strength and
insignificant increases in leg power.

Jacobsen also studied the
11
e�rect of the basketball season on leg power and leg strength.

Be f'ound a significant increase in leg strength of JOB pounds.
Tb.ere was

no significant change in leg power.

No significant polynomial regression equations were found

for percent body fat; however, analysis of variance for Tests I
through VI showed significance at the • 05 level of confidence

indicating variability between means.

Although percent body fat did not decrease significantly,

there was a mean decrease of 1. 9 percent between initial and final

tests.

This is consistent with the findings of Buskirk, Goldman,

%obert J. Brown and Douglas R. Riley, "The Effect of Weight
Training on Leg Strength and the Vertical Jump, " (unpublished Ma;ster's
thesis, Springfield College, 1957), PP • 2 3-26, 55.
l �rry L. Luitjens, "Leg Strength and Vertical Jump of
Basketball Players as Affected by Two Select Exercise Programs
Conducted Throughout the Competitive Season, .. (unpublished Master's
thesis, South Dakota State University, 1969), PP • 11-38.

llDonald D. Jacobsen, "The Effects of a Ba sketball Season on
Leg Strength and Explosive Power as Shown on a Select Group of
P1a.yers at South Dakota State University," (unpublished Master's
thesis, South Dakota State University, 1962 ), p. 25.

and Thompson, who found an insignificant decrease of 1. 3 percent
12
The in
body rat during a season of basketball competition.

significant loss of body fat in the present study may be attributed

to the low initial mean percent body . fat (9. 5%) .

The average

percent body fat for the general male college population is 14. 69. 13
This investigation's hypothesis that a season of varsity

basketball produces no significant changes in cardiovascular

condition, percent body fat, leg strength and leg power cannot be
totally accepted.
as

The null hypothesis for cardiovascular condition

measured by maximal oxygen uptake is rejected, while the null

hypothesis for the remaining parameters is accepted as stated.

12c. w. Thom pson, E. R.
Buskirk and R. F. Goldman, "Changes in
Body Fat, Estimated from Skin:fold Measurements of College Basketball and
Hockey Players During a Season , " Research Qnarterly, 27 : 418, December, 19 56 .
.
.
13Jack H. Wilmore
.
and Albert R. Behnke, "An Anthropometric
Estimation of Body Density and Lean Body Weight in Young Men, "
Journal .Qf.. Applied Physiology, ?7125-31, July, 1969.

CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
Summary of the study

The purpose of this study was to determine the changes of

selected physiological parameters of varsity basketball players
throughout a season of competition and training.

The subjects were nine South Dakota State University varsity

basketball players.

All subjects were tested five times with

approximately five weeks between each test.

The first test was

administered on October 12-14, just prior to the beginning of

organized practice; and the last test was administered March 25-2 7 �
four weeks after the completion of competition.

Tests used to

evaluate the selected physiological parameters included maximal
oxygen uptake for cardiovascular condition, vertical power jump

for leg power, leg dyno�ometer for leg strength, weight and percent

body fat.

Da.ta were collected and recorded in such a manner that

changes in the physiological parameters could be analyzed.

Poly

they fit a. linear, quadratic, cubic, or quartic equation.

Analysis

nomial regression statistics were applied to these data to see - if

of variance was a second statistical treatment applied to the data.

This was used to provide additional statistical information which
could assist in the interpretation o( r�sults.

The . 05 level of

confidence was accepted as the minimal level required for both

statistical treatments in order to reject the null hypothesis.
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The results of the polynomial regression statistics for all

variables indicated only maximal oxygen uptake fit a specific
regression curve.

This curve was quadratic.

The results or the analysis of variance for all variables

indicated that maximal oxygen uptake, percent body rat, leg strength
and body weight were significant o

Analysis of variance revealed

differences between means, but the polynomial regression failed to
�ow· a significant trend in all but one of the parameters-maximal
!

oxygen uptake.
Conclusions

Within the limitations or this investigation the following

conclusions were drawn a
1.

Cardiovascular condition as measured by maximal oxygen

uptake wa? high initially and exhibited a significant trend through

out the season in that it increased, leveled orr, and revealed a

gradual decrease toward .the end of the season.
2.

Although there was only one trend, there were con 

siderable nuctuations of the means in the other. variables during

the

season.

Recommendations

The following recommendations are ma.de for further study,

1.

2.

Similar studies be done on other athletic squads.

A similar study be done over a longer period of time to

determine changes and fiuctations in basketball player's physical

condition over the course of a complete year.

3. A similar study be done in which maximal oxygen debt,
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lactic acid toleration, and other physiological variables be analyzed

in addition to those used in this study.

BIBLIOGRAPHY
A.

BOOKS

Clarke, H. Harrison. Application of Measurement to Health and Physical
F.ducation. Englewood Cli.ffs, New Jersey s Prentice Hall Inc. ,

1967.

Friend, Joseph H. , and David B. Guralnik (eds. ). Webster's New World
Dictionary. New York and Cleveland : The World Publishing Co. ,

1959.

Hettinger, T. L. , and E. A. Muller, 0Muscular Performance and Training, "
Classical Studies on Physical Activity, ed. R. c. Brown Jr. ,
and G. s. Kenyon (Englewood Cliffs, New Jersey : Prentice Hall,
Inc. , 1968), P• 270.
Johnson, Barry L. , and Jack K. Nelson. Practical Measurements for
Evaluation in Physical Education. Minn., Minn. : BurgesS
Publishing Co. , 1970.

Miller, Augustus J. , and Laurence E. Morehouse. Physiology of
Exercise. St. Louis : C. V. Mosley Co. , 1967.

Steel, Robert G. D. , and James H. Torrie. Principles and Procedures
.2f Statistics. New York s McGraw-Hill Book Company, Inc. , 1960.
B.

PERIODICALS

Adrian, Marlene · J. , Wayne E. Sinning, .. Cardiorespiratory Changes in
College Women Due to a Season of Competitive Basketball, "
Journal of Applied Physiology, 25 1 720-724, December, 1968.

A.strand, P. o. , "Measurement of Maximal Aerobic Capacity� " Canadian
Medical Association Journal, 96 : 723-724, March, 1967.

Buskirk, E. R. , R. F. Goldman, and c. W. Tho�pson, "Changes in Body
Fat, Estimated from Skinfold Measurements of College Basketball
and Hockey Players During a Season, " Research Quarterl:y, 27 1 418,
December, 1956.
Carpenter, A. , "Athletic Performance and Strength and Power, "
Research Quarterly, 9 i 22, December, 1938.

Cummings, R. B. , "Physical Fitness and Cardiovascular Health, "
Circulation, 37 : 4-7, January, 1968.

Dill, D. B. , A. Kheher, and William Neufield, "Training and It"s
E:ffects on Man at Rest ?11d at Work, " American Journal of
Physiology, 136 , 148-159, March, 1942.

Everts, Edgar W. , Gordon J. Hathaway, "The Use of Belt to Measure Leg
Strength Improves the Administration of Physical Tests, "
Research Quarterly, 9 1 62, October, 1938.

Hinton, E . A . , L. Rarick, "The Correlation of Roger's Test of Physical
Capacity and the Cubberly and Cozens Measurement of Achievement
in Basketball," Research Quarterly, 11 1 61, October, 1940.

Holmgren, A. , "Cardiorespiratory Determinants of Cardiovascular
Fitness," The Canadian Medical Association Journal, 961697,
March, 19�

Martie, J. E. , "Basketball and its Effects on Physical Development, "
Research Quarterly, 2 1 86, May, 1931.

Wilmore, Jack c . , 0Max:ima.l Oxygen Intake and. Its Relationship to
· Endurance Capacity on the Bicycle Ergometer, " Research Quarterly,
401 203-210, March, 1969.
C.

UNPUBLISHED MATERIALS

Anderson, Richard E. , "The E£fect of a Physical Conditioning Program
on Body Fat and Body Density, " Unpublished Master's thesis,
Pennsylvania State University, University Park, 1969.
Brown, Robert J. , Douglas R. Riley, "The Effect of Weight Training on
Leg Strength and the Vertical Jump," Unpublished Master's
thesis, Springfield College, Springfield, Massachusetts, 1957.

Brynteson, P. H. , "The Effects of Training Frequencies on the Retention
of Cardiovascular· Fitness, �• Unpublished Doctor's dissertation,
Springfield College, Springfield, Massachusetts, 1969.
Clm.diff, D. E. , "The Progressive Changes in Certain Cardiovascular
Measurements_ During a Season of Basketball," Unpublished Master's
·
thesis, University of Illinois, 1961.

Forsyth, H. L. , "The Effect of a Basketball Training Program of
Cardiovascular Condition as Shown by the Cameron Heartometer, "
Unpublished Master's thesis, South Dakota State College,
Broold.ngs, 1956.

Forsyth, H. L. , The Estimation of Lean Body Weight in Male Athletes, "
Unpublished Doctor's dissertation, Springfield College,
Springfield, Massachusetts, 1970.

Howell, Maxwell L. , et. al. , "Intercollegiate Athletics and Maximal
Oxygen Consumption, " Unpublished Fitness Research Unit Report,
University of Albert-a, Edmonton, _ Alberta, Canada.

Jacobsen, Donald D. , "The E.ff'ects of' a Basketball Season on Leg Strength
and Explosive Power as Sho� on a Select Group of Players at
South Dakota State College, " Unpublished Master's thesis, South
Dakota State College, 1962.
Luitjens, Larry, "Leg Strength and Vertical Jump of' Basketball Players
as Affected by Two Select Exercise Programs Conducted Throughout
the Competitive Season, " Unpublished Master's thesis, South
Dakota State. University, Broold.ngs,,. 1969.

Parchman, Linda Lou, ..A Comparative Study of the Development of Leg
Strength and Endurance or College Women in Basketball and
Swimming, 0 Unpublished Master's thesis, University of' Illinois,
Urbana, 1961.

Pollock, Michael Lee, "Eff'ects of the Frequency of Training on Working
· Capacity, Body Composition, and Cardiorespiratory Measures, "
Unpublished Doctor 's dissertation, University of Illinois,
Urbana, 1967.
Ribisl, P. M. , "Ef'fects of Training upon the Maximal (ncy'gen Intake of
Middle-aged Men , " Unpublished Doctor's dissertation, University
of Illinois, Urbana, 1967.

Schlekewa.y, LaVem, "The Ef'fect of' Weight Training on Explosive Power
and Leg Strength During a Basketball Season, " Unpublished
Master's thesis, South · Dakota .State University, Brookings, 1965.

Swisher, J. A. , "The Effect of Selected Training Intensities and
Durations on the Improvement and Maintenance of Cardiorespiratory
Fitness, " Unpublished Master ' s thesis, South Dakota State
University, Brooki!lgs, 1970.

40
APPENDIX A

mscussroN OF THE BASKETBALL SEASON

The varsity basketball team's regular scheduled practice

period was from 4 p. m. to 6 p.m. daily.

During the six weeks of

pr-aotice prior to the first scheduled game, this practice schedule

was adhered to except on Fridays when either a game-type intra squad
ec1-1.:nmtlge or a scrimmage game against another school was held.

The

practices during this six week period concentrated ma.inly on conditioning
and fundamentals.

Once the scheduled games began the practices tapered off the

day before a game.
shooting.

This practice usually consisted of mainly

The first practice after a game would also usually be

shorter in length and less strenuous than the other practices.

Occasionally during the last half of the season Coach Marking

gave the starting team shorter practice periods and would dismiss
them from the first practice after a game.

The length of -each

practice period decreased throughout the season.

During the last three

weeks of basketball each· practice was not longer than one hour and

fifteen minutes. · This was· done in an_ attempt to maintain the squad ' s

condition as long as possible.
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APPENDIX B
TABLE V .

MAXIMAL OXYGEN UPTAKE
ml/kg/min

Subject

R.H.
J.N.
J . J.

D. T.

L . C.

R. G.

T1

T2

T3

so. Bo

52. 27
56 . 60
56 . 86
60 . 20

57.18
58. 08
59.13
60 . 28
59. 39
,58 . 91

54. oo
56 . 83

55. 50
57 . 80
63. 71

56. 15
55. 87

J . M.

J.H.
D,H.

45. 45
.54 . 05
52. 90

49. 97

Mean

Standard
Deviation

/

T4
55 .12
6J . 88
56.15

55. 95
62 . 38

55. 52

T5

T6
49. 54

57.73
53. 71
56 . 17

53. 85
58. 97

56 . 19

.56. 65

60. 21
.54.75

49.63
60 .76
55. 42

47. 29
51.47
54. 47

.54. 56

55. 51

.58. 29

57. 20

53. 69

5. 01

2 . 90

1. 81

4 . 3.9

3. 78

55. 52
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APPENDIX B
TABLE VI
LEG STRENGTH

Tl

T2

T3

T4

J.M.
J.H.

1240
1050
1390
930
ll50
1285
660
1080

1 340
1650
1580
1260
1170
1110
890
1140

1340
1330
1340
1220
ll40
llOO
920
1280

1300
147'0
1350
1550
1210
1100
980
1300

1560
1500
1470
1330
1300
1060
980
1230

Mean

1098

1268

1209

1280

13o4

215

251

139

187

21

Subject

R.H.
J.N.
J. J.

D. T.

L. C.

R.G.

Standard
Deviation

T5

T6
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TABLE VII .

:

LEG FOWER
. .

Tl

T2

T3

T4

L. C .

D. T.

R. G.
J .M.
J .H.

224. o
183. 8
27a. o
250. 0
266. 0
156. 0
187. 0
206. 5

222. 8
201. 8
277. 9
246. 3
224. o
163. 9
173. 0
199. 5

207. 6
206. 0
239. 7
236. 2
216. 6
203. 0
18�. 8
203. 1

215. 0
201. 0
323. 0
286. 0
259. 0
17a. o
174. o
227. 0

264. 8
201. 8
297. 1
308. 8
236. 2
181. 7
195. 9
218. 8

Mean

219. 0

2i3. 6

212. 4

225. 0

238. 1

42.1 ·

36.4

20. 7

4. 7

44. 8

Subject

R.H.

J.N .
J. J .

Standard

Deviation

T5

T6
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TABLE VIII .

PERCENT BODY FAT
Subject

R.H.
J.N.

J. J • .

D. T.

L. C.

R. G.
J.M.
J.H.

Mean

Standard
Deviation

Tl.

T2

T3

T4

4. 8
5. 8
14. 8

4. J

9. 8
10. 8
12. 9
8. 6

J. 9
6. o
14. 6
J. 6
6. 9
9. 7
8. 9
8. 2

6. 5

4. 5
6. o
15 . 9
4. 2
1. 2
10. 5
9. 1
8. 7

9.5

8.- o

7. 9

8.4

7.5

4. 6

J. 4

3 .7

J. 6

4. 5

5. 8

5. 6

15. 0

J. 5

7. 1
11. 9
8. 2

T5

T6
2. 1

5. 3

17.4
J. l

5. 9

9. 1
8. J

7. 6
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TABLE IX

. !.

BODY WEIGHT
.

Subject

T1

T2

T3

T4

187
173

R.G .
J .M.
J.H .
D.H .

200
194
170
17:3
177
200

191
173
230
197
192
171
173
171
195

188
171
· 227
196
189
174
166
171 . ..
196

188
172
228
202
191
174
171
176
199

190
173
230
202
189
171
171
175
197

Mean

187. 7

188. l

186. 5

189. 0

188.7

R.H.
J.N.
J. J.

D.T .

L. C .

Standard
Deviation

2 30

19. 26

19.19

18.99

18. 71

T5

T6

19. 41
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1970-71 SOUTH DAKOTA STATE U.
BASKETBALL SCHEDULE
December 1

Home

Briar Cliff College

University of Missouri

Away

University of Kansas

Away

December 18

Athletes in Action

Home

December 28-J0

NCC Tournament

December 5

December 7

December 12

December 19
January 7
January 9

Eastern Montana

u.

Cleveland State

u.

North Dakota

u.

North Dakota State

Home

Sioux Falls, S. D.

u.

January 15

Morningside College_

January 20

Augustana College

January 16

January 29

January 30

Mankato State College

Home

Away

u.

of Northern Iowa

Away

u.

of Northern Iowa

Home

February 12

Morningside College
South Dakota

u.
u.

February 18

North Dakota

February 25

Augustana College

February 20

Away

Away

Mankato State College

February 13

Home

Home

South Dakota U_.

February 5

february 6

Home

North Dakota State

Home

Away
Away

u.

Away

Home

-· -. .. J�ome

